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POWER SEMICONDUCTOR MODULE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention is directed to a power semiconductor module. The inventive 
power semiconductor module comprises a housing for mounting directly or indirectly on 
a heat sink and at least one electrically insulated substrate disposed in it. This 
substrate in turn comprises an insulation body with a plurality of metal connection tracks 
located on it and insulated from one another, and power semiconductor components 
located on the connection tracks and connected to the connection tracks with 
appropriate wiring. Advantageously, the substrate, on its underside, has a flat metal 
layer that is comparable to the connection tracks. Such power semiconductor modules 
moreover have terminal elements for load and auxiliary contacts. 

2. Description of the Related Art 

[0002] Known power semiconductor modules are shown for example in German 
Patent Disclosure DE 42 37 632 A1 and German Patent DE 196 30 173 C2. Such 
power semiconductor modules have terminal elements, at least some of which are 
embodied as contact springs, for connecting the connection tracks of the substrate to 
external terminals. These contact springs are disposed in the power semiconductor 
module in such a way that they mimic the terminal occupation in the interior of the 
substrate to the external terminals. 
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[0003] A disadvantage of the prior art described above is that the external 
terminal occupation is thus specified directly by the internal terminal occupation. 
External wiring, such as driver circuits, must therefore be adapted to the specific internal 
terminal occupation of the power semiconductor module. 

[0004] German Patent Disclosure DE 100 25 696 A1, for example, discloses a 
power semiconductor module with a printed circuit board disposed perpendicularly to 
the substrate. This printed circuit board is disposed with one portion inside and with 
another portion outside the power semiconductor module and thus forms the terminal 
elements of this power semiconductor module. 

[0005] A disadvantage of this arrangement is that the external terminal 
occupation is once again fixed by the location of the printed circuit board. 
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SUMMARY OF THE INVENTION 

[0006] The object of the present invention is to present a power semiconductor 
module in which the internal terminal occupation is embodied with appropriate wiring 
and can be adapted by simple provisions to an external terminal occupation deviating 
from it. 

[0007] A power semiconductor module in accordance with the invention include a 
base plate or a framelike housing with at least one electrically insulated substrate 
disposed therein. This substrate in turn comprises an insulation body, having a plurality 
of metal connection tracks located on its first main face and insulated from one another, 
and preferably a flat metal layer disposed on its second main face. A plurality of power 
semiconductor components are disposed on the connection tracks of the first main face 
and connected to the connection tracks with appropriate wiring. The power 
semiconductor module of the invention has terminal elements, leading to the outside, for 
load and auxiliary contacts. At least some of these terminal elements are formed in the 
interior of the power semiconductor module by contact connectors, preferably contact 
springs, which are disposed in a retaining device between connection tracks and 
contact points that are disposed on a printed circuit board. The printed circuit board has 
conductor tracks which connect these contact points to contact elements that lead to the 
outside and are also disposed on this printed circuit board. 

[0008] Advantageously, the functionality of the power semiconductor module can 
be enhanced by providing further components on the printed circuit board. 



4 



By Express Mail # EV363605562US 

[0009] It is advantageous in this embodiment of a power semiconductor module 
that the external terminal occupation can be selected independently of the internal 
terminal occupation. Thus, when a change is made either in the substrate or substrates 
or in the type or number of power semiconductor components, it is not necessary to 
change driver boards, for instance, as well. 

[0010] The invention will now be described in further detail in terms of exemplary 
embodiments in conjunction with Figs. 1-6. 

[0011] Other objects and features of the present invention will become apparent 
from the following detailed description considered in conjunction with the accompanying 
drawings. It is to be understood, however, that the drawings are designed solely for 
purposes of illustration and not as a definition of the limits of the invention, for which 
reference should be made to the appended claims. It should be further understood that 
the drawings are not necessarily drawn to scale and that, unless otherwise indicated, 
they are merely intended to conceptually illustrate the structures and procedures 
described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] In the drawings: 

Fig. 1a shows a partial module of a power semiconductor module of the 
invention in plan view; 

Fig. 1b shows a printed circuit board used with the partial module of Fig. 

1a; 

Fig. 2 shows one embodiment of a power semiconductor module of the 
invention in a side view; 

Fig. 3 shows a further embodiment of a power semiconductor module of 
the invention in a side view; 

Fig. 4 shows a further embodiment of a power semiconductor module of 
the invention in a side view; 

Fig. 5 shows an embodiment according to the invention of an intelligent 
power semiconductor module in a side view; and 

Fig. 6 shows an arrangement of three power semiconductor modules of 
the invention in a perspective view. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

[0013] Figs. 1a and 1b show a power semiconductor module of the invention in 
plan view. A power semiconductor module 10 is shown, comprising a base plate 20, for 
mounting on a heat sink. To that end, base plate 20 has one recess 22 in the region of 
each of its corners. The module further comprises a framelike housing 30 as well as 
two electrically insulated substrates 50. Each substrate in turn comprises an insulation 
body 52 with a plurality of metal connection tracks 54, located on its main face remote 
from base plate 20 and insulated from one another. On its main face, which faces the 
base plate, the substrate has a flat metallization 53 (see Fig. 2) similar to the connection 
tracks of the first main face. Both power semiconductor components 56 and a sensor 
system component 58 are disposed on connection tracks 54 and connected thereto with 
appropriate wiring by wire bond connections. For making electrical contact, the partial 
module 10 has terminal elements 40 for the load terminals. The connection tracks 54 of 
the substrates 50 are connected in part to one another and to the terminal elements 40 
by wire bond connections 42, 44, 46. 

[0014] The power semiconductor component of the invention moreover has 
spring contacts 60, which are disposed on an auxiliary frame, not shown. Spring 
contacts 60 connect connection tracks 54 to contact points on a printed circuit board 71 
(Fig. 1b). These contact points are disposed on the underside of printed circuit board 
71, which furthermore has conductor tracks 72 on this underside, which faces substrate 
50. Conductor tracks 72 connect contact points 78 to contact elements that lead to the 
outside, in this case plug pin connectors 74. As an alternative for this purpose, soldered 



7 



By Express Mail # EV363605562US 

eyelets or soldered pins may serve as the contact elements. These contact elements 
penetrate the cap 70 and thus represent the external terminal occupation. This external 
terminal occupation deviates markedly from the internal terminal occupation that is 
represented by the points of contact of spring contacts 60 on substrate 50. Thus, the 
power semiconductor component of the invention makes an external terminal 
occupation possible that is completely different from the internal terminal occupation. 
[0015] Figs. 2-5 show side views of various embodiments of a power 
semiconductor module 10 of the invention with a framelike housing 30. A so-called 
DCB (direct copper bonding) substrate 50 is disposed on the base plate 20. This 
substrate comprises an insulation body 52, for instance an aluminum oxide or aluminum 
nitride ceramic, with a flat copper layer 53 on its side that faces the base plate and a 
structured copper layer 54 on its side remote from the base plate 20. This copper layer 
54 acts as the connection tracks of the power semiconductor module. Components 56, 
usually power semiconductor components and sensor system components, are 
disposed on these connection tracks 54. The connections with appropriate wiring are 
made via wire bond connections 44. 

[0016] In Fig. 2, the terminal elements in the first part of their course are formed 
by means of contact springs 60, which are disposed between points of contact on the 
connection tracks 54 and contact faces 78 on printed circuit board 71 . As they extend 
further, the terminal elements are formed by connection tracks 72 on printed circuit 
board 71 and, leading to the outside, by means of contact pins 74 of a plug pin 
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connector 76, also disposed on printed circuit board 71 ; contact pins 76 penetrate cap 
70. 

[0017] In Fig. 3, the terminal elements in the first part of their course are once 
again formed by contact springs 60 and conductor tracks 72 disposed on a printed 
circuit board. Printed circuit board 71, at whose contact faces 78 contact springs 60 
come to an end, is, however, an integral component of cap 70. Cap 70 here has a 
framelike form and surrounds printed circuit board 71 on its edges, without completely 
covering it. Contact elements 76 for making external contact are formed by soldered 
pins which penetrate printed circuit board 71. 

[0018] In Fig. 4, the most modern and simplest construction is shown. Here, cap 
70 itself is embodied as printed circuit board 71, by disposing conductor tracks 72 
directly on its inside. Such methods are known, for instance in the form of MIDs 
(molded interconnect devices). Contact elements 76 here are soldered pins injected 
into the plastic of cap 70. 

[0019] Fig. 5 shows a power semiconductor module of the invention with 
enhanced functionality. From the known power semiconductor module, by the 
disposition of further active and/or passive components, such as resistors, capacitors, 
or integrated circuits, an intelligent power semiconductor module is made, since here at 
least in part the functionality of a driver circuit or other circuit (evaluation wiring, sensor 
system wiring) is disposed directly in or on the module. If load terminals of the 
described type are also embodied, then current sensors and evaluation circuits therefor 
can also be disposed on printed circuit board 71. 
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[0020] Fig. 5 also shows an additional contact connector, which is a contact 
spring 60 that connects base plate 20 and thus also electrically conductively connects 
the heat sink to printed circuit board 71. Thus, it is possible to place evaluation circuits, 
for example, on printed circuit board 71 . 

[0021] Fig. 6 shows an arrangement of three power semiconductor modules of 
the invention in a three-dimensional view. Here, three power semiconductor modules 
10, each with one half-bridge circuit, forms a three-phase bridge circuit. A common cap 
70 with an arrangement of the conductor tracks 72 and contact elements 76 as in Fig. 5 
covers all three individual modules 10. 

[0022] Thus, while there have been shown and described and pointed out 
fundamental novel features of the invention as applied to a preferred embodiment 
thereof, it will be understood that various omissions and substitutions and changes in 
the form and details of the devices illustrated, and in their operation, may be made by 
those skilled in the art without departing from the spirit of the invention. For example, it 
is expressly intended that all combinations of those elements and/or method steps 
which perform substantially the same function in substantially the same way to achieve 
the same results are within the scope of the invention. Moreover, it should be 
recognized that structures and/or elements and/or method steps shown and/or 
described in connection with any disclosed form or embodiment of the invention may be 
incorporated in any other disclosed or described or suggested form or embodiment as a 
general matter of design choice. It is the intention, therefore, to be limited only as 
indicated by the scope of the claims appended hereto. 



10 



